previously (3) . Protein-DNA interactions and force-stretching experiments were conducted in 10 mM Phosphate buffer (pH 7.5) and 0.1 mM dithiothreitol. Kymographs were recorded by scanning the confocal spot along the DNA kept at a fixed distance (corresponding to 5 pN on bare DNA), with a scanning-line time of 200 ms (averaged over three lines during analysis and resulting in a temporal resolution of 600 ms).
Acoustic force spectroscopy. The home-built AFS setup (4, 5) and the AFS flow-cell (LUMICKS) and tethers preparation (6) have been previously described. The 8.4 kbp DNA was obtained from a pKYBI vector, as previously described (6) . The shorter dsDNA is obtained from a 2.9 kbp pRSET-A plasmid (Thermo Fisher Scientific, V35120) was fabricated in the same way as the pKYBI construct except for the last purification step that is not performed. About 1 µg (7 µL of a concentration of 149 ng/µL) of plasmid is used for the first preparation step. pRSET DNA has KpnI and EcorRI cutting sites as well. Following the same steps, a volume of 50 µL with a final concentration of 6 ng/µL is obtained. This construct was preincubated with the microspheres: ~50 pg of pRSET-A DNA was mixed and incubated for 10 min with 10 µL of 4.5 µm streptavidin coated polystyrene beads. The microspheres were cleaned by adding 1 mL of PBS (138 mM NaCl, 2.7 mM KCl and 10 mM phosphate (pH 7.4)) supplemented with EDTA (5 mM), casein (0.02% w/v), pluronics F127 (0.02% w/v) and Naazide (0.6 mg/mL), called measuring buffer. Next, the sample was spun down (2000 g for 2 minutes) and at last the residue was removed. This step was repeated three times and the final product was supplemented with 20 µL with measuring buffer. This was flushed in the AFS and after 30 minutes of incubation, the free microspheres were flushed out with measuring buffer and the construct is ready for measuring. The 3D location of the tethered beads are determined by analyzing the diffraction patterns of the beads as described by Sitters et al.(4) . Measured bead locations are always relative and to determine the anchor position of the DNA molecule to the surface the bead location is measured without the application of force for ~15 min. From this measurement the anchor point of the bead is determined by taking the average X and Y positions and the minimal Z position. Using the Pythagorean theorem, the end-to-end distances of the molecules are computed. The absolute end-to-end resolution is in the order of 50 nm, relative displacements can be measured more precise and are dominated by thermal fluctuations (7) . Hence that the compaction steps are relative displacements in the end-to-end length of the DNA molecule, which are dependent on the force applied. At the conditions presented in this work, at a constant force of ~1.5pN, the end-to-end length noise standard deviation is about 17 nm and by using our fitting steps algorithm we achieve a spatial resolution of ~5 nm.
Electrophoretic Mobility Shift Assay (EMSA).
EMSAs were performed to determine the effect of the dsDNA length on the protein binding. Samples were prepared in the following way: water protein CS 0 -10 B solution, previously heated to 343 K for 10 minutes, was added to a solution containing 4 ng/µL dsDNA (10, 100, 1000 or 2000 bp) in 10 mM Tris buffer at pH 7.4 and incubated during 60 minutes at room temperature. Then the samples were loaded on 20% acrylamide gels in 1x TAE buffer and run at 70V for 90 min. Gels were in a gel documentation system and analyzed with ImageJ. N/P ratio for 50% binding of DNA (K Dapp ) by the protein was calculated fitting the DNA free intensities to the Hill equation, , with n the Hill constant. fraction bound = We repeated this relaxation and pulling process on the same DNA molecule, until the DNA is saturated and no additional polypeptides are bound. During extension several drops in the force can be observed, indicating that compaction is partially being reversed for increasing pulling force. Furthermore, as the compaction progresses, the retraction force becomes much larger than that for bare DNA. Moreover, when performing two consecutive force-distance curves without incubation time in between, we find that the DNA is again compacted (Fig. S3) . This indicates that the polypeptides remain associated with the DNA during stretching (see also kymograph in Fig. S3 ), and that they are able to re-compact the DNA once the genome is again in the relaxed state. In the graph, representative force-distance curves (FDCs) after different incubation times with 200 nM C-S 10-B are shown. As a control extension and retraction of bare DNA is shown in dark grey, as expected both curves fall on top of each other. 
implying that the characteristic adsorption timescale is given by . For = ss / + reversible adsorption, this can be written as
where relevant timescale becomes . = eq / + It is useful to consider two regimes. First, take conditions where , so ≫ 1 concentrations much larger than the "critical" concentration needed to occupy 1/ half of the total number of binding sites. In that case, and
leading to full coverage at long times . Note that in this limit, the ≫ 1/ + saturation value of the adsorbed amount is very weakly dependent on the concentration of solute. and p = 3 is again the packing factor of the VLPs (which equals the ratio of the arc length over the height of the helix). For large enough template lengths L the nonextensive bending energy of hairpin defects will always be smaller than any extensive bending energy associated with uniform bending as in a helical conformation. Indeed, for typical numbers L = 300 nm, P = 50 nm, r = 5nm, we arrive at bending energies O(100 k B T). Hence, purely geometric nano-confinement would not favor a helical arrangement of condensed DNA, but the bending energies of
